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RECOVERY OF CAROTENOI PS . TOCOPHEROLS % TOCO-TR I ESOLS 
AND STEROLS FROM ESTERI F I ED PALM OIL 

Crude palm oil contains about it' of 
non-glyceride components which include carotenoids, 
tocopherols, tocotrienols and sterols. The 
carotenoids, consisting of mainly «< and P carotenes 
at 500 to 700 ppm, are important constituents with 
pro-vitamin A activity, possible anti-tumor formation 
properties, and other physiological activities. The 
tocopherols and tocotrienols are Vitamin E 
constituents and also natural ant i -oxidants , and are 
present at approximately 600 to 1000 ppm in crude 
palm oil; the major component is the 
gamma- tocotrienol which has recently been found to 
have anti-cancer properties besides its known 
anti-oxidant activity. Tocotrienol has been found to 
lower blood cholesterol. (The sterols consists 
mainly of sitosterols, stigmasterol and campesterol 
provide raw materials for steroid intermed ia tes # and 
drugs). 

.Several methodr have been developed to extract 
these valuable compounds. In the c«e of- -the 
carotenoids, the known methods can be classified as 
f ol lows ; - 

(i) Extraction by saponification e.g. British 
Patent 567,682; U.S. Patent 2,460,796; U.S. Patent 
2,440,029; U.S. Patent 2,S72,467; U.S. Patent 
2,652,433 

(ii) Iodine method 

(iii) Urea process 

(iv) Extraction using Fuller*s ear-th^ or 
activated carbon, e.g. British Patent 691,924; 
British Patent 1,563,794; U.S. Patent 2,484,040 

(v) Extraction by selective solvents e.g. 
U.S. Patent 2,432,021 
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(vi) Molecular- Distillation. 

In the saponification rethed (i), the oil is 
saponified to give scap> glycerol and a 
non- sapcnlflabl* fraction containing carotenes. 

In the iodine method (ii), theiodine is added • 
to a solution of palm oil in petroleum ether, an 
insoluble precipitate of carotene di-iodide is 
forced. The iodo- compound when treated vith sodium 
thiosulphate however yields iso-carotene or 
dehydro-caroten which has no biological activity. 

« 

• Kith the urea- oethod (ill), the triglycerides 
are broken down to fatty acids and methyl esters 
which then forn insoluble compounds with urea and 
thiourea, leaving the carotenoids in the remaining 
liquid. 

Fxtraction~of carotenes using adsorbents has 
been car riecL out- using Fuller's earth and activated 
carbon (method iv). However,- the extraction of thjt 
carotenes from- the earth gives oxidised or isooerised 
product ! of caro tenes. Carotene is concentrated six 

♦ 

times in the extract. 

Extraction of carotenes hy selective solvents 
(oethod v) has been carried out using propane or 
furfural. The carotene is concentrated (three times 
thit of the original oil) # in the furfural phase. 

Jy method S vi ) carotenes cm a 1 so -be~©bta ined 
-by molecular distillation (Id • -10**- em Hg) . 
Fractions collected at 230°C bavea^car otene 
content, of about five times that. of/ the original oil. 

None of these oethods- however have been 
comoerci a lised because of severaidifficulties-. 

According to the present invention there is a 
method for the isolation of the minor non-gly ceride 
components of pain oil or like vegetable oil 
containing free fatty acid and non-glycer ide 
conponents similar to that of plan oil, which aeth d 



comprises: 

(i) # Esterjfying the free Catty acid component 
cf the oil with one r.more monohydric alchols to 

form an esterified oil with a very low free fatty, 
acid content, 

(ii) converting the glyceride* Into monoesters 
by trans'es terif ication employing one or more 

4 

monohydric alcohols, • * 

(Hi) adsorbing the non-glyceride components 
onto a selective adsorbent to separate said 
components from the esters of the oil, and 

(it) thereafter deso-rbing the* non-glyceride 

« 

components from the adsorbent with the use of solvent 
to recover said components. 

The present method used a selecti ve* adsorbent 
for the adsorption of the minor .non-glyceride 

components frcn esterified palm oil. Ke have fcund 
that this method is possible because, unlike crude 
palm oil, esterified plam oil possesses suitable 

physical and chemical properties. Passage of the 
esterified palm oil vith or without solvent through a 

selective adsorbent allows solid phase extraction or 
trapping of carotenoids, sterols, tocoph erol s and 
toe o tri enol s . 

It is a surprising discovery that solid 

adsorbents such as alusina or silica oei, or carbon contrary to 

the expectation of .a^skilled worker in the art, 
provide a very satisfactory way of obtaining the 

ninor non-glyceride components which include tha carotenes 
sterols, tocopherols etc. from the original vegetable 
oils. 

In a typical extrac ti on. of carotenes fror. pair 
esters (elg. methyl esters) prepared in accordance- 
v ith British Patent Specification 2148897A, passage 
through bonded phja se_ L ijra gel provides a recovery 
of 701 of the available carotenes in the form of a 



concentrate. Extraction is possjbJLs the '^xesencx- 
of alcohols (e.*. methanol, ethanol etc.) from which 
the esters have been prepared. In a typics] 
extraction of sterols, tocopherols tnd tocotrienols 
palm esters are passed through suitable adsorbents 
such as activated alumina and silica gel where they 
are selectively adsorbed and later desorbed using 
suitable solvents. Purification to pure cenponents 
can be carried out using conventional chroma t ographl c 
techniques. 

The present method allows for the' recovery from 
palo oil of several valuable minor components the 
value of which can surpass that of the oil/ The 
industrial preparation of palm esters for 
oleochemicals , detergents, palo diesel, etc. opens up 
an important avenue for the recovery of these oinor 
components. 

Following is a description by way of example 'of 
the recovery of carotonoids, tocopherols, 

♦ * 

tocotrienols and sterols by reyerse phase (C18) 
silica geL carbon and alumina adsorbents. 

Example 1 

Crude palm oil methyl ester was dissolved in 
methanol (30 ©1) and the mixture was introduced into 
a glass colurin packed with C 1S reverse phase (15g) 
the paciing having aTieight of 20 ca and ~d i ame z e r of 
1.8 ca. The ester eluted first and was collected and 
pumped as traction More, methanol was 

introduced inio the column to elute out as ouch ester 
as possible until carotenoid was about to be eluted 
out and this was collected and pumped a^ fracti on 
2* Hexane and methanol (98:2 v/v) or chlorofcrm 
vas used to elute out the carotenoid and this was. 
collected as fractrion * v Occasionally the column 
vas then cleaned up once with chloroform (40 ml) 
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giving rise to fraction W 4 . The colunn was th.cn 
soaked in aethanoT for further use. " A 
chromatographic separation was carried out under a 
nitrogen atmosphere and the recovery of carotenes was 
5 determined at 446 nm. The results are shown in 

Table I. 
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Eaample 2 

The procedure of Example 1 was repeated except 
that different amounts of starting materials were 
used, ie. methyl esters had first been eluted and 

* 

cleaned up . by passing through an alumina column. The 
results are shown in Table 2. 

* 

Example 3 

The procedure of Example 1 vas repeated .except 
that -instead of methanol, ethancl .was used as eluent 

■ 

* 

and. with different amounts of starting materials. The 

* 

results are shewn in Table 3. 
Example 4 

Recovery of carotenoids, tocopherols, 
tocotrienols , and sterols from transesterif ied NPO 
vas carried out by adsorption onto reverse 
phase. Si02 followed by alumina. 

Neutralised palm oil methyl ester (15g) f which 
vas cleaned by passing though Xieselguhr (70-230 Mesh 
ASTH) , was dissolved ~in methanol (30 ml) and the 
mixture vas Introduced into the glass column packed 
with C 18 reverse phase (15 g, 20 cm height, 1.8 cm 
diameter). The eluteiPes ter was, collected as 
fraction 1 (9.20 g). Another 4Sml of- methanol were 

iallouuced into the roiumn to elute out as much ester 

* 

as possible until carotenoids were about to be eluted 
out and these were collected as fractions 2 and 3 
(3.67 j and 1.91 g respectively)! 45 ml of heiane 
and methanol (98:2 v/v) were used to elute out the 
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carotenoids and this was collected as fraction 4 
(0.178S g). Chromatography separation v;$ carried 
out under a nitrogen atmosphere. The percentage- 
recoveries of carotenoids (quantified by uv/visible 
spectrophotooe try) , tocopherols and tocotrienols 
(quantified by GIC) of each of the four fractions 
above. are tabulated in Table 4. 

Fraction 1, X and 3 (tctal 12.84 g) In which 
most of the tocopherols, tocotrienols and sterols 

« 

were found were. then combined and eluted into a glass 
column packed with neutral alumina (1.43 g; ratio of 
methyl es ter -.adsorbent , 9:1 w/w). The height of the 
packing material was 4.S cm and the -diame'ter of the 
column was 0.8 cm. The methyl ester eluted was 
collected as fraction 1 (11.75g). n-Hexane (2 x 
12.9ml) was introduced Into the/column to clean up as 
much methyl ester as possible and "this was collected 
as fraction 2(0. 90 g). finally, chloroform (4 x 8.6 
m]-)-was used to recover the sterols, tocopherols -and 
tocotrienols from alumina and this was collected as 
fraction 3. Chromatography separation was carried 
out under nitrogen atmosphere. Percentage recoveries 
of tocopherols and tpco t ri enols , and sterols in each 
of the above three fractions were worked out and the 
results are shown in Table 5. 

. Exasple 5 . * 

The recovery of carotenoids, tocopherols and 
, tocotrienols, and sterols was performed by adsorption 
onto alumina followed by C reverse phase silica 
f el. 

Neutralised palm oil methyl esters (90 g) was 
cleaned up by filtering through Xieselguhr and then 

■ 

eluted into a glass column packed with alumina 
(neutral, 10 g f 3.S cm height and 2.3 cm diameter). 
The eluted methyl esters vere collected as fraction 1 



» 



- n - 

Table 4 R covery of Carotenoids, Tocopherols and 
Tocotrienols, and Sterols from Methyl Est rs of Neutralised 
Palo Oil using C 1Q Reverse Phase Silica Gel 



Fraction Recovery* /% 

Carotenoids Tocopherols and Sterols 

Tocotrienols 



1 


5.2 


61.7 


(556) 


9 


2 


3.5 


19.9 


(4S0) 


•8.3 


3 


6.3 


11.9 


(516) 


6.3 


4 


67. 4 


2.3 


(1045) 


NDJf 


* Recoveiy 


in ppm is 


bracketed. 






S ND e Not 


Detectable 


• 




• 



Table 5 Recovery of Tocopherols, Tocotrienols and 
Sterols from Methyl Esters of Neutralised Palm Oil using 
Alumina as Adsorbent (I)* 

Fraction Recovery #/% 

Tocopherols & Tocotrienols Sterols 

1 79.4 (366) 30.1 

2 5.8 (347) 18.9 

■ 

3 2.6 (1510) 15.4 

* The methyl esters used has first been eluted through the 

■ 

C^g reverse phase column to remove carotenoids as shown in 
Table A 

i Recovery in ppm is bracketed. 
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(82.23 g). n-Hexane (210 ml) was then introduced 
into the column* to altzn up as m.uch methyl 'esters as 
possible and this was collected as fraction 2 (6.81 
•g)." rinaily^chlorof orm (240 ml) was used to recover 
the adsorbed components including tocopherols and 
tocotrienols > and sterols from the starting material 
used (i.e. neutralised pals oil methyl esters) in the 
3 fractions collected is shown In Table 6. 

15.3 g of eluted methyl esters from fraction 1 
above was then dissolved in methanol (30 ml) and the 
mixture ?as introduced into the glass column packed 

with C reverse phase Si0_ (15 g; 20 cm height, 

18 * • 

1.8 co diameter). The ester eluted was collected as 

fraction 1 (9.04 g). Another 45 ml of methanol was 

introduced into the column to elute out as much ester 

as possible before the carotenoids were eluted out 

2nd this was collected as fraction 2 (S.83 g). 

n-Hexane and methanol (98:2, 4S ml) were used to* 

elute out the carotenoids and collected as fraction 3 

• 

(0.32 g). The column was then cleaned i:p once with 
chloroform (40 ml) and then soaked in methanol for 
further use. The chromatography was carried out 
under nitrogen atmosphere. The percentage .-recoveries 
of carotenoids, tocopherols and tocotrienols, and 
sterols of each of the three fractions above were 
worked out and tabulated in Table 7. 



{ 
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Table 6 Recovery of Tocopherols, Tocotrienols and 



Ster Is from Methyl Esters of Neutralised Palm Oil using 
Arloralna Adsorbent (II) 

Fraction Recovery!/! 

Tocopherols I Tocotrienols Sterols 

1* 77.8 (357) 72. S 

2 10.4 (577) 13*2 

3 5.7 (3315) 6.8 

• A portion of methyl esters eluted was passed through C 18 

reverse phase to recover carotenoids as shown in Table 7. 
b Recovery in ppm is "bracketed. 



m 

s 

m 



Table 7 



Recovery of Carotenoids, Tocopherols and 



Tocotrienols , and Sterols from Methyl Esters of Neutralised 
Palm Oil using Cjg Reverse Phase as Adsorbent 



Fraction 



Recovcryfl/% 
Carotenoids Tocopherols and 

Tocotrienols 



Sterols 



1 
2 
3 



6.04 

9.72 
89.06 



71.6 (423) 

33.7 (316) 
1.7 (290) 



42.5 
12.3 
ND 



• The methyl esters used has first been eluted through the 
alumina column as shown in Table £. 

# The percentage recovery was based on the starting- ma teria 
used in the column* Recovery . in ppm is bracketed. 

ND - Not Detectable. ■ 

It is understood that in place of the methyl alcohol used 
to produce the above described methyl esters any of the 
branched or straight chain alcohol having from i to 6 carbon 
atcrr.3 may be used, although methyl alcohol is preferred. 
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Table 8 Adsorption and Extraction of Carotcnoids of 
Methyl Esters of Crude Palm. O'il using Activated Carbon . 
Continuous Column Extraction^ 



Experiment 


Adsorption of 


Recovery of 




Carotenoids/\ 


Carotenoids/% 

* 


1# 


79 


» 

49 


2Ut 


88 

• 


:50.6 

* 



• The following conditions were used:- weight of methyl 
esters = 5 g; weight of carbon * 1 g; ratio of methyl esters 
to carbon * 5:1; weight of butylated hydroxy toluene ( BHD = 

■ 

0.01 g; adsorption was done at 28-30°C; percentage recovery 

■ 

of carotenoids from carbon was from toluene fraction only. 
H 18 ml of petroleum ether b".p. 60-80°C, 88 ml *of toluene 
and 38 ml of toluene/ethanol (3:1 v/v) successively were 
used as eluent; all solvents were at 28-30°C. 
iH 10 ml _of n-hexane (of which 5 ml was used to dissolve 
methyl esters), 43 ml of toluene and 1 7 ml of 

■ 

toluene/ethanol were used as eluent; both toluene and 
toluene/ethanol were pre-warmed to 40°C before use. 
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CLAIMS 

I. A method for the isolation of the minor 
non-glyceride components of pala oil or like 

* 

vegetable oil containing free fttty acid and 
non-glyceride components similar to that of palm oil, 
which method comprises: 

(i) esterifying the free fatty acid 
component of the oil with one or more monohydric 
alcohols to form an esterified oil with a very low 
free fatty acid content, ~ 

.(ii)" converting t h e glycerides into oonoesters 
by transesterjf ica tion employing one or more 
senchydric alcohols. 

* 

(iii) adsorbing the non-glycer i de components 
onto a selective adsorbent to separate said 
components from the esters of the oil, and 

.(iv) thereafter desorbing the non-glycer i'de 
components from the adsorbent vith the use of solvent 
to recover said components. 

2. A method as claimed in* claim 1 wherein 
the adsorbent is activated aHiaina carbon or silica qe 
preferably reverse phase (particularly C 13) silica 
gel . 

A method as claimed in claim 1 or claiz: 2 

wherein the non-glycer i de components obtained free 

step (iii) are separated into sterols, tocopherols, 

tocotrienols and carotenes by a chromatographic 

^chni que , or vh^rein the reccv^rad minor component is only 
carotene by using carbon adsoribznt. 

4. A method as claiaed in any one of the 

preceding claims wherein the e 5 t e r i f i ca t i on of step 
(i) is carried out ecploying (a) a solid alkali 



metal >j.5iJJLpha te or (b) a sulphate acid 
strongly-acidic ion-exchange resin as a catalyst ajid 
the transesterif ica tion of step (ii) is carried out 
employing a basic catalyst or both the esterif ication 
and transesterif ication are carried out using an 
enzyme e.g. Candida rugosa. 

5. A method as claimed in any one of the 

preceding claims wherein the oil which is esterified 
in step (i) is a palm oil or a palm oil fraction. 

* 

6. A method as claimed in any one of the 
preceding claims wherein the carboxylic acid is 
esterified and/or the glycerides are transesterif ied 
with one or more to Cj alcohols, preferably 
methanol • 

1. A method as claimed in any one of 

claims 4 to 6 wherein there is employed from 1 to 20t 
by weight of catalyst, based upon the weight of the 
free fatty carboxylic acid. 

8. A_ method fox the_ recover* qL carotene* 
from esterified palm oil by tnploytng a C 14 reverse 
phase silica gel as adsorbent using two combiju t v**vs 

of solvents as consecutive eluents a$ folVo^ : 

(i) Methanol, n-hexane : methanol (98 : 2 

v/v) and CHC1 3 

(ii) Etbanol, n-hexane : 9S1 EtOH (98 : 2 v/v) 
and CHClj. 

9, A method as claimed in claim 9 in which 
the recovery of carotenes from esterified palm oil is 
at least 951 with a ratio of methyl ester to 
adsorbent of 1 : 1 (w/w) on the recovery of carotenes 
from esterfied palm oil is at least 92. IX when the 



20 

» 

ratio of methyl esters to adsorbent is o.5 : 1 (w/w). 

10. A method for the recovery of carotenes 
from esterified plam oil by employing activated 
carbon as adsorbent and using aromatic solvent such 

5 as toluene or aliphatic solvent such as 

dichloromethane or ethanol for desorbing carotenes 
from the carbon. 

• ■ 

» 

11. A method for the isolation of the 
minor non-glyceride components of palm oil or the 

* 

10 like substantially as hereinbefore described in any 

one of the examples. 

12. A non-glyceride component of palm oil 
or the like when obtained using a process as claimed 
in any one of claims 1 to 11. 

» 

* 5 13. Sterols, tocopherols, tocotrienols and 

carotenes when obtained from the component of claim 12 • 
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